The amount of reduced glutathione in transplantable hepatomas and in a primary DEN-induced hepatoma is lower than in normal liver. In all tumors examined, the glutathione decrease is not due to an increase of oxidized glutathione. In this paper the in v i m activities of two enzymes involved in glutathione synthesis, yglutamylcysteine synthetase and glutathione synthetase, are studied in normal adult rat liver, in regenerating rat liver and in highly anaplastic Yoshida AH-130 hepatoma cells. The activity of these enzymes was determined in the postmicrosomal supematant fraction as nmoles of [U-"CI-glutamate incorporated into product per mg of soluble protein. In Yoshida AH-130 hepatoma, the y-glutamylcysteine synthetase and glutathione synthetasc activities are lower in respect to normal liver. This is in agreement with the low glutathione content observed in the hepatoma cells. On the other hand, in regenerating liver, there are minimal differences in comparison with normal liver.
INTRODUCTION
In our previous work (3, 6) , we analyzed glutathione content in different hepatomas. The amount of reduced glutathione (GSH) in transplantable hepatomas, Yoshida AH-I 30, Morris 3924 A, and Morr i s 44, and in a primary diethylnitrosamine-induced hepatoma, was lower than in normal liver.
The lowest values of GSH were seen in the highly anaplastic Yoshida AH-1 30 ascites hepatoma. In all examined tumors GSH decrease was not due to enhanced oxidation to oxidized glutathione (GSSG).
The amount of glutathione in the cells depends mainly on the following factors: 1) GSH synthesis; the two enzymes involved in this pathway are: y-glutamylcysteine synthetase (E.C. 6.3.2.2) and glutathione synthetase (E.C. 6.3.2.3); 2) GSH catabolism; the main catabolic enzyme of GSH is yglutamyl-transpeptidase (GGT) (E.C. 2.3.2.2); 3) conjugation with electrophilic compounds in the reaction catalyzed by glutathione-S-transferases (E.C. 2.5.1.18); 4) conjugation with proteins to form mixed disulfide; and 5 ) secretion in the bile, mainly as oxidized glutathione.
In this paper we studied the activity of the two synthetic enzymes in the highly anaplastic Yoshida AH-1 30 hepatoma in a first attempt to understand the changes taking place in glutathione content ob- served in this tissue. Furthermore, we studied the GSH content and synthesis in regenerating liver.
METHODS
Male Wistar rats, weighing 150-200 g, were used as a source of normal liver or recipients of transplanted Yoshida ascites hepatoma. Regenerating livers were taken 12, 24 and 48 hours after partial hepatectomy. Homogenates were prepared in 300 mhi sucrose/ 10 mhi Tris-MgC1, buffer (pH 7.25) and centrifuged at 250,000 g/min. The resulting supernatant was carefully decanted and recentrifuged at 6 x lo6 g/min.
The microsomal pellet was used to assay for the transpeptidase activity, while the postmicrosomal supernatant fraction was used to assay for synthetic enzymes. GGT activity was determined according to Szasz (7); y-glutamylcysteine synthetase and glutathione synthetase activities were assayed by the method ofWirth and Thorgeirsson (8) . Reduced and oxidized glutathione were determined in the total homogenate according to Hissin and Hilf (5) . Protein content was determined by biuret method (4) . Fig. 1 shows the content of GSH and GSSG in normal and regenerating liver 12,24 and 48 hr after partial hepatectomy. GSH content is increased in regenerating liver at 24 and 48 hr. No difference is present in GSSG content. The data in Table I to GSH synthetic activity and to GGT activity. In regenerating liver the y-glutamylcystcine synthetase and glutathione synthetase activities are slightly reduced 24 hr after partial hepatectomy, while no differences are present at the other examined times.
RESULTS
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On the other hand, in Yoshida AH-1 30 hepatoma, the synthetic activity is highly reduced. The activity of GGT is strongly enhanced in Yoshida AH-130 hepatoma, while regencrating liver is not significantly different from control liver.
DISCUSSION
In Yoshida AH-130 hepatoma the high GGT activity and the low activity of both synthetic enzymes can easily explain the lower glutathione content in comparison with normal liver. Conversely, the analysis of the activities of these three enzymes is not sufficient to explain the behavior of total glutathionc in rat liver after partial hepatectomy. GSH content is increased in regenerating liver, while the synthetic activity is similar to normal liver; the only difference is a low reduction of the synthetic rate 24 hr after partial hepatcctomy. GGT activity is not signifi-cantly different from control liver, as previously shown by Cameron et a1 (2) and Bone et al (1) .
Thus, it seems necessary to examine other factors which affect the cellular content of glutathione, for example, the conjugation with electrophilic compounds in the reaction catalyzed by glutathione-S-transferases, the conjugation with proteins, and the secretion into bile.
The comparison of the data obtained from hepatoma and regenerating liver suggests that the reduction of GSH synthetic rate and its amount in neoplastic cells is an effect of malignant transformation rather than a consequence of cell division.
